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1. Summary

A preliminary study to compute the size of a special
radiometric reflector antenna is presented. Operating at
1 GHz, this reflector is required to produce 200 simul-
taneous contiguous beams, each with a 3 dB footprint of
1 km from an assumed satellite height of 650 km. The
overall beam efficiency for each beam is required to be

more than 90%.
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2. Introduction

The purpose of this report is to present a pre-
liminary study for the design of a large radiometric
reflector antenna system. When orbiting at a height
of 650 km, this antenna gsystem is required to produce
simultaneously 200 contiguous 3 dB circular footprints
on the ground, each having a diameter of 1 km. The
lowest frequency of operation is 1 GHz. The footprints
are raquired to be as identical to each other as possible.
The single most important requirement on the system is
that the overall beam efficiency for the copolarized
component in each of the 200 beams be better than 90%
within the two and a haif 3 dB beamwidths. This means
that among other things, the cross polarization be
minimum too (<25 dB).

When in orbit, the reflector may undergo considerable
thermal distortions and its performance may change. A
method is therefore needed to predict the performance of
even a distorted reflector. Such a technique is discussed

in Section 6 of this report.
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3. Spherical Reflector Approach

A solution that meets the requirements set in Section
2 is schematically shown in Figure 1. The 200 beams are
simultaneously obtained by stacking 200 Identical feed
ant:nnas along a concentric circular arc in front of a
spherical reflector such that each feed is pointing
radially towards the spherical reflector surface. Each
feed thus creates its own independent footprint. And
since each feed antenna essentially sees an identical
segment of the spherical reflector, the resulting 200
footprints are also practically identical. Observe that
the angular separation between any two consecutive feed
antennas (called 8) is the same as the angular separation
between the two adjacent footprints. This, for an altitude
of 650 km and a footprint size of 1 km, turns out to be
0.088° and the 200 feeds stacked along the feed arc thus
subtend a total of 16.6° angle at the center of the spherical
reflector (Figure 2).

Notice that the angular separation between any two
consecutive feeds depends only upon the altitude and the
footprin%t size; the physical separtion, however, is the
product of the angular separation (6 = 0.088°) and the
feed arc radius, and therefore, depends upon the radius
of the feed arc also. The radius of the feed arc, there-
fore, should be large enough to provide anough physical

room for each of the 200 feed antennas. It is assumed
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at this stage that each feed antenna should have, on an
average, a room of at least 88 cm, which leads to a feed
arc radjus of 577 m. And since for spherical reflectors,
the feed arc is generally located about halfway betweepn

the reflector and its center of curvature (nearer to the
reflactor), the radiys of curvature of the spherical
reflector is chogen to be 1175 m. Note that there is no
specific feason to 9;ck 88 cm for feed spacing except that
the estimations of practjcal feed horn sizes suggest thal

a room of about a meter pe available for each feed anteppa.
And of course, whether a feed horn limited in size to 88 cm
at 1 GHz feeding a reflector with dimensions chosen above
can give a satisfactory secondary far field pattern or not,
remains to be checked.

Let us now consider an individual footprint which is
caused by an individual feed antenna located at the feed
arc. Each feed antenna illuminates a portion of the spherical
reflector and it is the far field of this illuminated reflec-
tor aperture which must have (a) a 3 dB beamwidth of 0.088°,
and (b) a beam ef.iciency of better than 90% within the two
and a half 3 dB beamwidths. The later requires that the
highest side lobe of the reflected pattern be less than =32
dB with wide angle side lobes below -80 dB. A study of
various aperture distributicns [1l) indicates that for an
operating frequency of 1 GHQ, an aperture ciameter of about

300 m (say, 305 m) with a rotationally symmetric cosine

¢ ORIGINAL PAGE IS
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squared field distribution produces both a 3 4B ﬂﬁémwidth
of 0.088° and a side lobe at -32 4B, the side lobe fall off
being -18 dB/Octave.

Returning to Figure 2, an illuminated aperture
with a diameter of 305 m on the reflector corresponds to a
cone of 15° half angle emanating from each feed antenna.
Therefore, each feed antenna whose nominal diameter has been
fixed to 88 cm at 1 GHz has to be able to produce a rotation-
ally symmetric cosine squared far field pattern over + 15°.
The overall diameter of the spherical reflector dish to

produce 200 beams then turns out to be 660 m as shown in

Figure 2.
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4. Feed Considerations

In the previous section, it was assumed that after
reflection, each feed pattern gave rise to a rotationally
symmetric aperture field which varied as cosine squared i~
the radial direction. For the reflector dimensions unde.
consideration, the portion of the reflector illuminated by
a feed is such a small fraction of the full sphere, that
it is practically flat and therefore a rotationally symmetric
cosine squared aperture distribution is easily achieved by
a feed which too has a rotationally symmetric cosine squared
pattern.

A rotationally s, nmetric cosine squared feed pattern
can be generated by any one of the several types of horns.

In the present study, however, a circular corrugated horn [2]
is considered. The feed pattern of the corrugated horn used
for the computations presented in the following sections is
shown in Figure 3. Observe that the horn diameter at the
mouth is 2 m which is larger than 88 cm, the space designated
for each feed at the feed arc. Therefore, the “eed horns
will have to be staggered around the feed arc so that they
are still on an average 88 cm or 0.088° apart. The beam
efficiency of the feed pattern within 15°, which corresponds
to the edge of the reflector is 98.3%. This number is
imporcant because the overall beam efficiency of the antenna
system is the product of this efficiency and the beam efficiency

of the secondary pattern.
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§. Secondary Pattern

For the reflc. - geometry shown in Figure 2 and
using the feed pattern presented in Section 4, the computed [3]
secondary radiation pattern is shown in Fiqure 4. 1t has
a 3 d8 beamwidth of 0.080° and a maximum cross polarization
level of less than -200 dB. The beam efficiency of the
secondary pattérn at two and a nalf 3 4B beamwidths is 93.4%,
the overall beam efficlency, therefore, being better than 91%.
One of the concerns in spherical reflector applications
is the resulting spherical aberration. 1It is of interest to
note that in the present case, such a small segment of the
sphere is being used as reflector that the maximum spherical
aberratioh near the edge of the illuminated aperture (where
the field strength is -2¢.7 4B, Figure ‘3) is equivalent to
a phase error of only about 18°. Such a small phase error

causes a negligible degradation in the antenna gain.
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6. Thermal Distortion Considerations

The performance of a reflector antenna in space is
sometimes not the same as predicted by the initial design
because the reflector undergoes severe distortions due to
thermal variations. If the distorted shape of the reflector
is quite a bit different from the original spherical shape,
the reflector performance may change significantly and may
even become unsatisfactory. Therefore, it will be desirable
to be able to predict the performance of even the distorted
reflector. 1If the distorted reflector surface could be known
analytically, then the reflector performance ofeourse could
be accurately predicted. It is not generally possible to
know an analytic expression for the entire distorted reflector
surface at all times. Alternatively, a sampling scheme can
be implemented such that the coordinates of many discrete
target points located along a rectangular grid on the reflector

surface are known. Then, a smooth tight cubic surface can

be fitted through the four corners of each of the rectangular
grid ratches such that the whole composite reflector surface
is continuous and has continuous partial derivatives. Using
this piecewise analytic expression for the reflector surface, '
the reflector properties can be computed. Needless to say,

the target points on the reflector surface must be dense

enough to sample the distortions and such that the surface

between the measured points could be assumed tightly stretched.

12
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To demonstrate that the far field radiation pattern can
indeed be accurately computed even when the reflector surface
is known only at certain discrete points, the following
example is presented.

Computations presented in Figure 4 are made again,
this time, instead of using a single analytic expression for
the entire spherical reflector surface, though, the x-, y-,
z- coordinates of 45 equispaced points on the reflector
surface are used. These surface points are located on the
reflector surface along a rectangular grid as shown in
Figure 5, the points being 40 m or 133.3 wavelengths apart.
For computational purposes, the reflector surface over
any rectangular patch is expressed as a bi-spline under
tension [4]. 1In Figure 6, the far field radiation pattern
computed by using a single analytic expression for the entire
spherical reflector surface (as in Figure 4) is shown by
solid lines. On the same figure, the far field radiation
pattern computed by using the piecewise analytic composite
surface through 45 target points on the reflector is plotted
with solid dots. The field values not shown by solid dots
are too close to the solid line curve values to distinguish.
The modifications needed in the computer program in Reference
3 to make the present surface fitting computations are shown
in the Appendix.

In conclusion, for actual distorted reflector conditions,

where the whole distorted reflector surface is not known

13
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analytically, accurate far field computations can be made

by using our computer program which will accept for the
reflector surface geometry, a set of discrete reflector
surface points. The basic underlying assumption is that
+he surface is smooth between the target sample points.

16

= v s S e e - -



Pl .
L

>
gl

‘P':L( L

%
TE. .

Y

N I T T

7. References

Harris, F. J., "On the Use of Windows for Harmonic Analysis
with the Discrete Fourier Transform," Proceedings of the IEEE,
Vol. 66, No. 1, January 1978.

Caldecott, R., Mentzer, C. A., Peters, L., and Toth, J.,
"High Performance S-Band Horn Antennas for Radiometric Use,"
The Ohio State University ElectroScience Laboratory Report
3033-1, May 1972.

Agrawal, P.K., "A Computer Program to Calculate Radiation
Properties of Reflector Antennas," NASA Technical Memorandum
No. 78721, May 1978.

Cline, A. K., "Six Subprograms for Curve Fitting Using
Splines Under Tension," Comm. A.C.M. 17, 4, April 1974.

17




s Dk s
et A

RIS B FE Y

SRR ————_E R L ]

Appendix
The computer program documented in Reference 3 has baen

modified such that now it can be used for making also the surface
fitting reflector calculations similar to the ones presented in
Section 6. The purpose of this appendix is to document the cerrea-

ponding modifications, changes, and additions.

Two new features have been added to the computer program REFLCTR
(documented in Reference 3). The first feature, which is not of
direct concern to the subject matter of this report is that in
addition to rarabolic, spherical, and ellipsoidal reflectors, the
program REFLCTR can now also handle planar reflectors. A planar
reflector is specified by (a) three cartesian ccordinates of a
point on the surface of the planar reflector - PLNPNT(l), PLNPNT(2),
and PLNPNT(3), and (b) the three cartesian components of a unit
vector normal to the reflector surface - PLNORM(l), PLNORM(2), and
PLNORM(3). The value of the integer variable SURFACE must be set

to 4 for a planar reflector.

The second new feature is that in addition to specifying a
reflector surface as being parabolic, spherical, ellipsoidal, or
planar by setting SURFACE = 1,2,3 or 4 respectively, one can now
also choose to specify any of the above reflector surfaces in
terms of only a finite number of discrete target points located
along a rectangular grid (assumed square grid here for simplicity)
on the reflector surface. This is done by setting the integer
variable NEEDFIT to a nonzero positive value. SIGMA is the tension

factor (defined later) used for fitting the surface through the

18
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grid points, the grid spacing being DISFAC for both the y-
and the z- directions. All these newly defined variables
along with the ones already defined in Reference 3 are read,
as before, in the subroutine NPUT. A listing of modified
NPUT is given in Figure A-1l.

As a result of implementing the above two features, the
subroutine APERTUR also changes. A listing of the new APERTUR
is given in Figure A-2. Notice that in this subroutine,
before statement number 100, the coordinates of surface
target points are first stored in dimensioned arrays called
EXTRAX, EXTRAY, and EXTRAZ and then the subroutine SURF1l is
called to compute the parameters necessary to compute an
interpolatory surface passing through the surface grid
points. Later on in the subroutine APERTUR (before statement
number 130), subroutine SURFD2 is called to interpolate
the reflector surface at the given coordinate pair and to
compute the components of a normal vector at the inter-
polated point.

The subroutines SURF1l and SURFD2 are from "A Spline
tnder Tension Package for Curve and Surface Fitting" by
A. K. Cline, Department of Computer Science, University of
Texas, Austin. This package of subroutines is an extension
of Cline's work reported in Reference 4. A listing of
subroutines SURF1l and SURFD2 which also includes definition
of parameters used in the subroutines is presented in

Figure A-3.

19
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SURRIMITINE NPUT(P)
COMMON/PARAMS /TITLE(1A) JANRNRF (XL AM,GRID, SHRFACF.APRHTA FEEN(3),
. ALPHACRETAGAMMA (X W Y0 o 2C 4 HEMAEX JHEMTFY, RMTP.RMPP.
NT NP (MPNTNT ,MAXPTS JRELLP DLNPNT(3).annau(3)
AU cnunnu/RLnCKG/van.7an.hsuAna.Hrnlao
. ‘ COMMON/PATTERN/PHE(3) ¢ THETAL3)
COMMON/MATH/PT 4PT2,2IN2.NTMRLRTON
A COMMON/ZSURFIT/NFFNFIT,SIGMADISFAC
i INTEGFR TITLF,SURFACF
RFAD 200, TITLF
RFAD %, ANRNRF,XLAM,GRIN, SHQFACF NEENFITLAPRNTA
¢ RFAD %, AFLLP P _NPNT,PLNNRM,SIGMA,NISFAC
i RFAND %=, FEFN,ALPHA,RFTA,GAMMA
READ %y XC(Y( +ZC HFMAFX yHFMIFX ,YCRL 4 7CRL «HFMARL (HFMIBL
READ *, PHI,THFTA
IF(APRDTA,.GT.0.0) WRITF(20,568)TITLF
IF(APRNTA.GT.0.0) WRITF{20,556)FCEFN,ANRNRF,XLAM,GRTN, AL PHAL,RFTA, TAPF 20
. v o DBAMCAXT,YC o 7C,HFMAFX JHFMTFX TAPF 20
GN TN (130.,140,150,'60),SHRFACF T TTITIT T
130 PRINT 578, TITLFEXLAMFFFN.AILPHA RFETA,GAMMA ,PLMPNT ,PLNNRM ' .
GO TN 170
140 PRINT 579, TITLF XLAMEFFN,ALPHABFTA,GAMMA ,ANRNRF ,BFLLP
6N TN 170
150 PRINT SR80, TITLF , XLAMFFFN,ALPHA ,BFTA,GAMMALANRNRF
GNn TN 170 .
160 PRINT 581, TITILF XLAMGFFENLAILPHARETA,GAMMA ,ANRNRF
170 PRAINT 582, XCoYC 4 ZCHFMARX JHEMIFX GRINJYCRIL «7CRIL . HFMARL JHFMIAL ,
THFTA,PHI
IF(NFFDFIT GT.0) PRINT S5R3, SIAMANISFAC
200 FARMAT(RALD) :
555 FNRMAT(1X,RA10)
5hé ENRMAT(IX,F15.4)
57R FnRMAT(lHl 1777,13X.xPLANAR IFFILECTNAR FAR FIFLN RANTATINN x/
PATTERN CALCULATION®///% #RA10/% #RAL
n/¢ WAVFILENGTH NF FLFCTRATIC FIFLNeueesssennssenssnsscces®FO,8/
® LOCATION NF CONPRNIMATE ARIATN WRT FFFN (XeYe7)easeo®3FT,2
/% FEFN RANTATINNM ANGLFS (ALPHALRETAGAMMA) s cnaeecasee®¥3FT,2
/% A PYINT NN THE RFFLFCTAR SIRFACFE (XeYe7)eueeeoaeeas®3FT,2
/% COMPANENTS NF UNTT NORMAL TO SHRFALF (XeYe7)ueosese®*3FT,2
)
579 ENRMAT(1H1 /777 11X XFLLIPTICAL RFFLFCTNR FAR FIFLN RADIATINN ®/
% PATTERN CALCULATINNR//7/% ®RAI0/% %=RAL
0/* HAVF'-FNGTH nF FLFCT{‘C FIF'_D.......................‘Fq.lo/
2 LOCATINN OF CONRNIMATFE CRIGIN WRT FFFN (X4Ye7)eeseo*3F7,2
/% FFEDN ROTATINN ANGLES (ALPHALRETALAAMMA) i veueeeosee®X3FT,2
/% MAJNR AXIS NF THE FILLIPTICAL RFFLECTNR e ueeosaosaes®¥FTe2/

¢
\

Figure A-1

20



. * MINNR AXIS OF THF FLL'DT[CAL RFFL‘C‘“R.%---...0.000*‘7.2’
540 FORMAT(IHY s ////7« L1X,#SPHERICAI. RFFILECTNAR FAR FIFLN RANTATINN */
o PATTERN CALCULATINNR///® %RAL10/% %RAL

*
Y n/* “AVFLF“IGTH nF F'_FCT!!C F'F'.nOO.OOQC.I.-..-‘...0..‘0“9.‘,
. x LACATINN OF CONRNIMATE NRIGIN WRT FFFND (XaYel)eoooe®2FT.2
\ . /% FFED ANTATION ANGLFT (ALPHA,RFTA,RAMMA) ceeeacesees®IFT,2
. : . /% RANDINS NF THE RFELFCTNR SPHFRF . cevecsoscsssscssass®F7,2)
i SR1 FNRMAT(IH14//7/7« 11X+ %PARARNLIC RFFILECTNR FAR FIFLN RANTATION */
H . » PATTERN CALCULATINNK/ /7% %ARAL0/% 2RA)L
‘ . 0/% WAVFILENGTH OF FLECTRAIC FIFLNueevesccsssssscccssnsess®FI,4/
. = LNCATION OF CNNRNINATFE NRIGIN WRT FFED {Xe¥37)esees®3FT 2
. /% SFFD RANTATINN ANGLES [(ALPHALRFTAGGRAMMA ), s aesveaccees®3FT7,2
. . /* FnCA'. ‘.FMGTH nF THF RFCLFCTnQOOOl.l..'lll.l.l...ll.*g7.2)
582  FNRMAT (% APFRTURFE PLANE LNCATINN (XC)evesessesaccscocnacass® FR,2/
. ® CONRNINATFS NF THF APFRTURFE PLANF CFMTFR,ccosvveeec®2FT.2
. /% HALF MAJNR AXIS NFE APERTURFE PLANFE {ALNNG Y),.aasees®FT,2/
. % HALF MIMAR AXIS NF APFRTHRE PLAMF (ALOMG 7)esecccea®FT,.2/
- * x GRIN SIZF BSED FNR N”MFR'CA'. INTF(‘VRAT!”NOQQeoloooootFQQI‘/
. = FEFN SHANOW CFMTFR (NNRNINATFS TN APFRTURF Pleoseses®2F7,.2
Y /‘:‘ HALF MAJFN AXI§ 0F FFFn SHAHDN....-.-..-......--.-o*F"-Z/
. % HALF MINMNR AXIS NF FERN SHANNY .. eeeseessoarseesasss®FT,2/
. % THFTA RANGE FOR FFFN PATTFRM (LaHyl — NFARFFS)eeeee*3FT,.2
. /% PHI RANGF FOR FFFN PATTFRM (L+Hol = DFGRFFS)eeesvee®3FT.2
. )
SR3 FORMAT(% SIGMA 1ISFD FOR SHRFACF FITTIMA.seenescscsccccscssea®F?,2/
. . . % SPACING RFTWFEEM SHRFACF PNINTS . cecsccnccacssscanss™®F7,2)
590 FORMAT (% —-=—w- JINSUFFICTFMT WNRK STNRAGFE, MFENFN =16% AVATLABLF IS
o ONLY %1658 ———a- ®)
P12=P1+P]
PIN?=0,5%P]
NTNR=PI/1420.
RTAN=120,/P1 )
NP=(PHI(2)=PHI{1)}/PHI{3)+1,5
NT=(THFTA{2)-THFTA( 1)) /THFTA(3)+1.56
NPNIMT=NT%NP
TFI{NPNINT ,GF. MAXPTS) 6N TN 600
CALL FILLIP,NT,NP)
RETURN
. 600  PIINT 590, NPNINTMAXPTS
X ] STNP
3 : END
£
.
e
:,.ﬁ
ki Figure A-1 (Continued)
g
& 21

5';%: o H



M

TR e R T

SURRNUTINF APFRTUR(P,NTX,NPX)
COMMON/PARAMS/TITLE( 1A)a ADRNA™ y XILAMJGRIN,SIIRFACF ,APRNTAFEEN(3), .
. ALPHA JRETALGAMMA L A1, YO o 20 JHFMARX JHFMTEX (RMTP JAMPP ¢
. . NT NP MPNINT JMAXPTS ,ARFELLP,PLNPNT{3) PLNNRM(T)
COMMNN/RLNCKG/YCRI o 7CRLyHFMARL JHFMTAL
COAMMON/MATH/PI P12 .PIN2,NTNR,,RTNN
COMMON/PNINTS/NENGEJNINTR
COMMONZSURETIT/NRENEIT,SIGMA (NISEAC
REA!L, NHAT
INTEGFR SFNGE.SIIRFACFE
DIMENSTION P{S,NTXNPX}4POLN(S) «PMEW(G)}4PINTIS5) o PRLK(G)oA{3¢3),
BU3:2)sBR{3,2),NHATI3),Cl3)4SR(3).FI(3),FR{3)
nlMFNSInN FXTQAY{19) FXTRAZ(19) FXTRAX(19,19) ,EXTRA{10R3) (TEMP(8T)
DIMENSION ZX1(19),2XM{19),2Y1{19),Z¥YN({19)
IFINFENFIT.LE.O) GO TN 100
IFIT=19
NN 850 T=1.1FIT
FXTRAZ{1)=FXTRAY(1)=-10,0%N{'SFAC+T&NTSFAC
50 COANTENUF
nh 90 t=1,IFIT
NN 90 J=1,IFIT
6N TN (R1,A2,83,84) SHRFACF FaRRREER
81 EXTRAX (T 4J)= PLNPNT(1) =PULNORM{L)
R = (FXTRAY(I)=PILNPNT(2))2PINNRM(2)
~{FXTRAZ{JI=PLNONT{3))=PINNRM(3)
FXTRAX(I.J)-FXTRAX(I'J)/PLNHRM(I)

,

G0 TN 90
‘A2 FXTRAX(Y, J)--AnRﬂRF*SORT(l.-(FXTRAY(I’**? FXTRA7(l)*#?)IBFLLP**Z)
GO TN 90
Rr3 EXTRAX{T4J)==SOHRT( ANRNRFRx2 ~ FXfRAY(!)#*) FXTRAZ(J)%%2)
G TN 90
Ré FXTRAX(1,.J)=(~6, O*AHRHRF*#2+FXTRAY(I)**Z+FXTRA7(J)*#2)/(& RAONMRE )
90 COANTINUF

CALL SURFI(TFIT IFIToFXTRAY (FXTRA7 LFXTRAX (FFITLZIX 1 7XMy7Y1,2ZYN,

XYL Lo ZXYMY WZXY LN 7 XYMN 265, FXTRA,TFMP,SIGMA, IFRR)
100 ALPHAR ALPHARNTNR

KFTAR=RFTAXNTNR

GAMMAR =RAMMAXNTOR

Al 1, 1)-fﬂS(AL“HAQ)*CﬂQ(GAMMAl)—RIN(AIDHAP)*S]M(RFTAR)#SIN(GAMMAR)

A(1.2)=SIN{ALPHARYIECNSINAMMAR)I+CNS(ALPHAR I =SIN{RETAR)&S IN{GAMMAR)

Al)1.3)=-CNS({RFTAR)=STIM{GAMMAR)

A2,1)==-SIN{ALPHAR)}=CNS(RFTAR)

Al{?2.72)= COS{ALPHAR)=CNSIRETAR)

Al2,3)= SIN(RFTAR) .

A{3,1)=CONSTALPHAR ) XSIN({GAMMAR)+STN{ AILPHARYIESTN(RFTAR)CNS { GAMMAR)

AL3,2)=SINIALPHAR) =SIN(GAMMAR ) ~CNS(ALPHAR ) RSTM(BFTARIXCNS (GAMMAR)

A(3,3)= COS(RFTAR)I=CNS(GAMMAR) ’

IF(APRNTAGT.0.0) WRITR(Z20.,110) TAPE 20
110 FNRMAT(1H1/, 108 mstnagrns, IX. *THFTA%X,9X, *Y#.Qx R7H TN EFRYE, 7YX,

. “FERZ% ) SX ¥ PHASF %, 9!.#R*)

Figure A-2
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126
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178

129

. CHEQ;
HMTEST=1,0F+60 op INAL P
NINTR2NEDGE=0 }tkug 4 .
PRLK{ 3) «PALK (41<PALK(5) 0.0 QU“L}* 0,
DO &000 IP=1,NP . i

DEGPHI=P{5.1,IP)%TNN

[FIAPINTA.GT.0.0) WRAITE(20,120) DFGPHI

FORMAT(IX %2PHI=*,F10.4)

NN 4000 1T=],NT .

DEGTHET=P(4,IT,IP)*RTAD

SINP=SIN(P(S,IT,[D))

COSP=COS{P(S,IT.IP))

SINT=SIN(P(4,[T4IP))

CNST=CNSIPL&,IT,IP))

BB{1les1)=SINTXCUSP

AB(2.1)=SINT2SINP '

BH(3,1)=COST v

BR{1,2)=+FEEND(1)

BRL2,2)=+FFEN(2)

BR(3,2)=+FEEN(3)

CALL "BLT32(8,A,RB)

GN TO {1214122.174,126) +SURFACF

AR=20,0

BR=R{1 1 I¥PLNORMI T} +B (2,1} RPLNNRM{2)+B 1 3, l)*PLNﬂRM(3)
CR=2=(H{1:2)+PINPNT(1))=PLNNIM(]1)

. ~{R{2,2)+PILNPNT(2))=PILNDRM{2)
. ~(R{342)+PLNPNT(3))=PLNNIM(3)

GN TN 128 .

AQ HBUls1)%22/ANRNORFRR2+{R( 2,1 )=22+RB(3,1)%%2)/RFLL PRS2

R==2,08{R(1s112R{142)/ANRARFEs24+(R(2,11%RB(2,2)+8B(3,1)1%R(2,2))/

. HFELLPR%2)

CR=H(1+2)2%2/ANRNAFBR2+(B(2,2)%52+R(3,2)8%2) /RELLP**2~1,0
GOy To 128

AR=R{1+1)%R(1,1)}+8(2,1)%H12,1)+R{3,1)5R{3,1)
RR==2,%(B{1s1)=R(142)+B(2.1)%R(2,2)+R{3,1)%B(3,2))
CR=B{1+2)%R(1,2)+8(2,2)¥B(2,2)1+R(3,2)5H(3,2)~ANRNRFHANRNRF
GNn Tn 128 .
AR=K(2,112R(2,1)+8(3,1)1%R(3,1)
HR==2,0%(R(2+]1)%R{2:2)+R{3,1)2R{3,2)+2,0%ANRORFEB(1,1))
CR=R{2+21%R(242)48(342)%R(3,2)1+44 ,0%ANKNREZR(],2)~4,0%ANRNRF¥®2
IF (ARLLT.1.0F~10) ==CR/AR
A={~RR+SORT(RR¥BR -4, ®AR*CR) )/ AR+AR)

CNNTINUE

Xn:R(l.l)*R-B(I'Z)

YO=i{2,1)2R=R12,2)

Z0=R(3,1)1%R~-R(3,2)

Figure A-2 (Continued)
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[FINEEDFIT,LF.0) GD TN 130

XO=zSURFN2{YD 420 YNNRMINNRMLIFLT, IFIi.S!TRAY'FXTRAI»FtTRAI.IP!T
. ’ 1FXTRA,SIGMA)
R=SORT{(XO+R(1,2) %522 (YD+B(2,2))%%2+(70+R(3,2))%%2)
XMAG2SORT(1,0+4YNORMaR2+ZMNRME%R2 )
NHAT({1)=1.0/XMAG
NHAT(2)==SIGN{YNDRIM, YO0 ) /XMAG

‘ NHAT(3)==SIGN{ZNORMZ0) /XMALG

j 6N T 138

: 130 GO TN (131,232,134,134),SURFACF

2peeeeR
13 NHAT(1)=PLNDRM(1)
; NHAT(?)=PILNORM{ 2}
: NHAT(3)=PLNNRM(3)
\ Gn TO 138
132 NHAT (1 )=<X0=RBFILP **ZISORT(xo*¢7¢aFLLP#=a+(Yo*vz+70*v2)tnnanaﬁtttl
: NHAT(2)==YOSANRNREAR2/SORT( XD4n 2 5RELL PREL+ (YURE2+70%5%2) %A IRORFARA )
: NHAT(3)==Z20%ANRORFEX2/SORT(XOSX2XRFELI PRA+{ Y2224 70%%2 ) 5ANRNREXSL) -
: GIT TN 13R
; 134 NHAT(1)==X0/A0R0ORE
i ) NHAT(2)=-YO/ADRORF
NHAT(3)=-20/A0R0ORF
6N TN 138 . :
136 NHAT(1)=2.0%ANRNRF/SOR T4 ORANRNREXRXI+YNX%24+70%%2 )
NHATI(2)= “YO/SORT (&4 ,0=ANRNREFIXDFYNREXD+ 7 %N2 )
® NHAT(3 )= =20/S50RT(4, 0 ANRNRFAXI4LYNURI 47 NH%D )
138 SCALAR=2 0% (R{1,1)%=MHAT(1)+B(2,1)=NHAT(2)+R{( 3,1 )=NHATI3))
nn 1500 I=1,3% .
1500 SR{T)=R(1,1)~=SCALARINHAT(T)
FTT=P{1,IT.IP}/R
FPI=P(?2.1T,IP}/R
Cl1)=CRST=CNSP=FTI-SIMPEEP]
CU?2)=CNSTESINPRETI +CNSPHEPT
C(3)==SINT=FT]
NN 2000 1=%,3%
FI(1)=0,0
nn 2000 u=1p3
2000 FI(I)=FI(I+A(TJ)%C(0)
SCALAR=2 OF(ET(1)NHAT(LI+FT{2)anHAT(2)4F1(3)%NMHAT(3))
NN 2500 1=1,3
N 2500 FRIUT)=SCALAR«NHAT(T1)~FI(1)
: Y=Y0O+({XC-X0)=SR{2)/SRI])
: 7=S204(XC=X0)2SR(3)/SR(1)
no N=SORT( {XC=XO)2(XC=XO0)+{Y-YN}2(Y=YD)+(7=~70)%(7~70))
3 g PHASF=PTI25(R+N) /XL AMEP{3,IT,IP)
T PNFW(1)=PRILK(]1)=Y
2t PNFW(2)=PBLK(2)=2
s ¥
w7 i
-
.‘:- ;’
N £
v Figure A-2 (Continued) W P A
. P
" GDBY QUM
: (ﬁ&“ﬁyoﬁ-
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v

2501

2505
2510

2512
2515

2601

2605
2610
2612
2h16
2701

2704

.[F (TESTRLLLT.0,0) GN Tn 2710

PNFW(3)=FR{2) . '

. PNFUW(4)=ER(3) o T

PNFW(5)=PHASE

TEST=  HFEMAEXZHEMAEXSHEMIEXZHFM ] FX—HEMAFXSHEMAEYXS (7~7C )& (2= ZC)
“HEMIEXXHEMIFXR{Y=-YC )& {Y-Y() .

TF%TBI—HFMABL*HFuABLnHFuxnLuHFMrBl-HFMAnLcHFMARL¢(7 ~7CB1L }*(7-2CRL ),
~HEMIBLSHFMTRL X (Y~-YCBL )& (Y-YCRL)

XF (TFST) 2701.2501, 2401

NENGE=NENGE+]

SENGE=MAXPTS-NFNGE .

IF (TESTRL,,LT.0.ND) GN TN 2510

£ MOVEM{PARILK,P(1,SFDGF).S)

IFLAPRNTA.GT.0.0) WRITF(20,72505) PRLK .

FORMAT U 1X 4 28%¢ 23X, 2F1 0.4, 2F10.74F10.4,12X,%FNGF PNINT, RLNCKFD*)

GN TN 2515

AL, MOVEM{PNFY,P(]., SFnGF)'S)

IF(APRDTA.GT.0.0) WRITF(20,2512) PNFW

FORMAT (1X %82, Z23X 4 2F10.442F10.7,F10.4,12X,%FNGE PAINTR)

CONTINUF

6N TN 2800

NINTR=NINTR+1

IF (TESTRL.L7.0.0) GN TN 2A10

CALL MNVEM{PRILK,P[]1,NINTR),S)

[F{APRNTA.L5T.0.0) HRAITFI20,26068) NEGTHFT,PRIK,R

FORMATLIX ,*8%,13X43F10.4,2F10.7, 7F10 LyloX, #BtnCKFnt)

6N TN 2615

CALL MOVFM{PNFW,P{1 MIMTR),S)

IF(APRDTA.GT.0.0) WRITE(20,2512) NFGTHFT,PNFW,R

FORMAT(1X y%8%,13X,3F10.4,2F10:7,2F10.4)

CNANTINUE ’

IF (IT,FQ,1) SN TO 2800

I1F {TFSTATFSTN) 2704,2800,2300

ZTESTI=ZC-PDILN(2)

LTEST2=1C~PNFM{ 2]}

TF{ZTFSTI=2TEST2.L.T.0.0) GO TN 2R00

CALL, INTFRP(PNLN,PNFH,PINT)

NFNGE=NFNGF+1

SFNGF=MAXPTS~NFNGF

CALL MNVEM(PINT.PRLK,2)

Y=PINT(1)

2=PINT(2)

TESTAL HFMABL*HFMARI*HFM[RL#HFMIR!—HFMAR!*HFMAHL*(7 7CRI)*{7-7C8L}

-HFMIBL*=HFMIRL>{Y~-YCRL)={Y-YCRL)

CALL MOVEM({PRIK,P{1.SFNGF),5)
IF(APRNTA.GTL0,0) WRITF(20,2705) PRLK

Figu A-2 (Continued)
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2705
2710
2712

2ns
2800

2990

3000
4000
SH0N

5025

5050

FIRMAT(IX %8%,23X,2F10,4,2F10,7.F10, A.IOX.thTFRPnlATFn. RLNCKRENS)

60 THh 2718

CALL MAVEMIPINT.P(1,SENGF) %) :

IF(APRDOTA.GT.0.0) WRITR(20,2712) PINT TAPE 20

FORMAT(IX,28%, 23X, 2F10,4,2F10.7,F10, &.lOX.#lNTFRPﬂ!ATEh#)

CONTINUYE

CALL MOVEM(PNEW,POLN,S)

TESTN=TEST

TEST=2{DEGTHET~90,0)322+{NFLPHI=1R0,0) *22

IF (TEST-BMTEST) 29R0,3000,3000

RMTEST=TEST

AMT=NEGTHET

HMP=NEGPH]

RMSRX=SR11) .

AMSRY=SR (2) .

RMSRZ=SR(3)

CONTENUE

CHANTINYE

CONTINUE

PRINT 5025, NINTR,NFNGE

FnR“nT(* Nl,MHFQ (‘F 'A|TFRNAL pnlNTSOQ.‘.‘.....n...‘l‘!....'..'.‘!s’
& N.‘MR;R nF FnGE.pnlleS ...'.............‘............"'5’

COASRMTP=RAMSRZ/SORT(BMSRX&®24+AMSRY XX +RAMSRZ %% )

SINRMPP =RMSRY /SQAT { RMSRXABD +AMSRY S%2)

RMTP=RTNNEACNS{CASAMTP)

HMPP=RTNN%®ASIN{SINRMPP)

PRINT 5050, RMT,AMP,RMSRX,BMSRY,AMSR7 ,AMTP,AMPP

F‘.\RNAT(* THE FF,‘:n MAX ‘S‘Q'.l.................OCQOOOOOTHFTA=*F1.2‘

# ‘II...;I..QI...Q.I...l..‘....l‘.'p”lz*:vbz,

* THF REFLECTF“ RAY VFCT”Q ‘XQYOZ)--.o-oo.l-o00030000.3F702

/* THF. RF.FLECTF” ﬂEAM “nx ‘S.......O........OIQ.THFATAa*FQQ‘,

* cesscscscnensevenrsssecs s PHIZERFQ &)

RETURN ' )

END

Figure A-2 (Continued)
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)

e wa kel

SURUMITINF S11R=1] (M.M.X,Y.Z.i7;le;}¥V.ZY1.ZYF.iXVll.
L 7*?“1.7XVN\*oZYYMM.ISLPSU.NMTFMP.
% : SIGME,TFRRR) )

THIS SUHRRIMITINF NDFTRIMINES THE DAJAMFETERS NECESSARY TN
COMPHTE AN [NTFIPNL_ATORY SHREACKE PASSTNG THRANGH A RECT-
ANSHLAR GRIND OF FIMNCTIINAL VALIES, THFE SIIRFACE NETERMTNEN
CAM RE RFPRESFNTFEN AS THF TFRSNE LRAMWT NF SPLIMES (INDER
TEMCSTNAN, THFE X= AND Y-2ARTIAL NSYTYATIVES AQNNINND THE
RANMDARY AND THF X=Y=2aRTTAIL NFITVATIVES AT THE FONUR
CANMEIS MAY HFE SPECTIFTEN W NMITTEN, £NQ ACTHAL MAPDING
Ne PRINTS ONTA THF SHARAGE TT TS NERFESSARY TR CALL THE
FHACTINN 1R D2,

e Tt Y-

M TS THE NUMHFR 11F 521D LINSS TN THE X=DNIRECTINM, T. F.
LINES PARALLFL 70 THE Y=-AXIS (n RE, 2},

MOTS THFE NMHMARER AF GRIN LTUES T THE Y=DIREFCTINN, T, F,
LENSC DARALLFL T THF X=-AXTS (v G8, 2),

X [S AN ARRAY F THE & X=CNNENTAIATES AE THE GRIN LTMES
IN THE X=DIRFLTIOM, TUESE SHOLLN RE STRICTLY TMOQEAS TG,

Y IS AN ARRAY NF THE A Y=LONEN[NATES NE THE GQID L IMES
IN THE ¥Y=DIRFCTIOM, TUESK SN 4E STATETLY INCREASTNG,

TS AN ARZAY (W THF @ = M RiG TTINMAL Ve NFES AT THE 11QThH
PHIMTS e To Fo Z(T«d) CNMuTATMS Tur cONCTIONAL VALNIIE AT
(X(T)aY(d)) FOR T = Jheaae™ AND 1 = Jaaeeah,

T7 1S [HF &M PTMENSTION (1F THS ~ATRIX 7 USED Tt THE
CALLTNG DRAGRAM (17 GE, ). .

7X1 AN 7XM AR ARRAYS NFTHE v X—=PARTIAL DEQTVATIVFES

W THE AUNCTTION ALONG THE XT) Anfr XY 62Tn LTMES,
FSPRCTIVRLY, FHIIS ZXT1(0) AMDY 7X0{0) CONTATN THE X=0A8RT-
[AL BFITVATIVES AT THE PAINTS (X {1)Y(d)) AnD
(X{MA) oY ()Y e RFSPECTTIVEILY . FIMRX ) = VeeaeeN, FITHED NE
THESE VARAMETFRS YL RF TERDZIN (ANVD ARRROYTAATTOANS
SUPPLTRD TNTEINALLY)Y [F TSLPSW S {:N[LRTFS,

ZY1 ANy ZYN ARF a<2AVS npF Y4k N Y=PARTTIAIL DETIVATIVES
P THE BONGCTION ALONG The Y1) aidy YY) S fp Ljves,
RESPFOTTIVFRLY, THUS ZYI(T) Aniy 7Y (1) CNNTATS THFE Y=wART-

Figure A -3
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IAL DRRIVATIVES AT TH: PUINTS (X{1),¥Y(1)) ANA
(XET)aYiW) )y RESIECTIVELYy FOL T = lacaeo¥, C{THER qs
THFSF- PAJAHFTFRS Wl L BE JGMARED (AND F . TINATIONS
SUPBLTFN INTFRVaLLY) TF [SLPSY S TAMNTCA 'FS,

IXY11ly ZXYm]ly 2%V N, ANN\ZXYQ“ ALK xag‘iéié%SRIJAL
NFRIVATIVES 0F THE FUSCTINN AT THE SNHR CRRMEdR,
(XCLDeY O De (XEA)oYCl 0Dy (X(LDaVimd)y AMD (XIM)YIN']),

RFSPECTIVFELY . ANY §1F THE OaQawsTEI8 YILL AF TGNORED (4M)
BETIMATIONS SHRDLTFD TaTRR ALY) 1+ ISLPSW SO JTANINATES,

TSLAS CONTATAMS & SWITCH TaOf IATING WHICH rAGMPARY
nFQ[VAIlVL INEN2ATINN IS n§pw-§nnpt.nn anDN W H
SHUHLYD A FSTIMATFD HY lilﬁ SHAMINTINE, T NETERYINE T

Ttz tais i innisinksizkakakninein Rz ks Rx N a N RN N a N N e Ne N e

TSRS, LFT

T =2 0 FF 7X1 IS HSE<=S1ooL 1 (AvD = | NTHERWISE]) . |
12 =2 0 TF 2Xa I8 (ISE2=SHewi 16D (AN = | NTHEIMISE ),
14 2 0 1F 7YL IS USKFR=SHURLTEN (AND = 1| OTHFRWISE),
16 = O 1F Z2Y¥: IS Hste=Suvel v (avn = | HTH;QH'Sciﬁ
IS = 0 IF 7XYIL IS USE2=suppi TRN |

(AN = } OTHERWISE ).
T4 = 0 IF ANYME TS DNe=siRuL -0 :

(A = l‘f\"HFQH'S‘;)Q
17 = 0 TE ZYYIn [S OSEI=NGPRL RN -

(amn = 1 NYHFRIWISE ),
Vi = 0 FFE 2XYmAN TS BINE2=S100 kg

i (Anvy = ] NTHERKTISE),

TV + 2212 4+ 433 + vxla +
+ ANl F 4+ P 2maTN
rHans TSLpsWw = () TMPESAaTRES ALL NEIVATTVE

[H4EW [ S

LIMITS TS VALED,

Yo TS AN AR AY 0¥ AT EEAST amnEM I NCATIONS,

~ -

1AXTS + 22%TA

ITMEARNMAT W TS
USFR=SHPRILTFN arn [SLeqt = 2ak IMNICATFAS NN RFERTVATTVER
TNENZ GATTIM TS DSES=SOR L Ten, any UALIE ARTWREM THESE

TEM2 TS AM AJIAY NMF AT LSAST mebdm I NCATINNS WRICH TS

HNNED =102 SCRATEH STaAL S
Ay

STGYA CONTATNS T TEMSTAIN FATTN<, THIS

Figure A - 3 (Continued)
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DRI IO I en Tt Bhes Bon B Bien |

T e b S L U L - UUNU,

RI=LINFARQ, [F SIGMA EONALS ZRE0), ?nmqnnwpqnnnrxs ne-
CURIC SPLINFS RESINT, & STANPARD VALNE &AR SIGMA- 1S
A2ONXTIMATFLY 1, IN ARSNELNITF uann; ¥

m NUTPHT=-<

19 CONTAINS THFE VALIIES NF THE XY=, YY= ANN YXYY=DARTJAL
NERIVATIVFS NF THE SHRFACFE AT THE QIVEMN NANES,

TFRR CHNTAINS AN EQNR ELAA,

0 FNR NMMIMAL LS TFHIIM,

L F N IS LESS THAN 2 0w TQ | ESS THAM 2,

2 TF TUF x=ALIIFS N VouALHURES ARF NNT STRTCTLY
TNCRFAS TV

ARN

Mo My Xo Yo 76 T2, 7XT. 72X%, 7Y). 7YM, Z2¥Y1). 7YYM),
TXYIR. 2XYMN, TSEDSU, AMD STIRWA ARFE HINX)L TEREN,

THIS SURRANTINE ILSEIENNES PAGKASE MOANNILES CFEE7?, TERMS.,
At} QNUCSH,

INTEGER M N T7 TN PSu

2F AL x(u).V(M).I(I/.M).7YI(M).7¥v(”l.7V](”).7VN(V).
% TXYYIY oZXY 51 0 AXY TN 7YY MR 20 (M M ) (TEMD( ] )

AMl = M=

MDY = w4 -
M) o= N} G 7
ND] = N4 (ﬁﬂﬁnﬂbl‘ﬁgkxsz
MOM = 49 POOP

TFRQ = n

TE (8 JLF. 1 a3y M JEES 1) Sy TN 4k
TE (Y(N) JLFE, VIEY))Y Gy T a7
SIAMAY = BRS(STRMA)RRLNAT{(M=1)/{YIN)=Y(]))
TR LTSRS M/a) 22 ve . (TISEPSW/L)) "N Ty
NN Y T o= F oM

1 7‘)(!~]o‘, = )Y‘(T,
ST s

7 NRILYY = Y(?2)=-V(])
NELY?2 = = y1+ner vyl
TR IN GY, 2) DEILYY = Y{2)=V(])
T (DELVY (LR, N, W, PELYD (1 F, NELY)) GN TN 47
CALI, CFEZ (DFLYYT (NFELY2 JSTRAAY (1 42,03 1)

Figure A -3 (Continued)
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“ﬂ ‘ ‘ = "“
1 O, 14t) = CIXZ{T 41} 40P02( V4 2)
1F [N ,FO, 2) GA TN & s )
NIANA ‘ = 1."
2P(Ta)el) = 2P{1 01,1040 3%7(],2)
TR ((TISLPSUW/LA}=? JvF, (TSLVSW/R)) N T 7
DA A& T = 1M
MDY = N4T
) TEMDINMPT) = 7Yt ])
60 T 10
7 DFLYNM = Y{M)=V ML)
; DELYMM = DRLYAEDFRL YA
H TE (N BT, 2) NFLYNM = Y{NM)=V{t=2)
IF INFILYN JLF, N, IR, NELYMY JLE, NRILYM) G0N TN 47
CALL CFFE7 (=0FLYM, «DNFLYMM CTOMAY (G102 4,02 .0)
NI 2 [ = 1M
NPT = N+Y
1 TEMO(NDT) = C1x2(1N)+C27 (T N0 )
1F (N FN, 2) 6N TN 1IN
hn 9 1 = J,.u
MPT = N+§ .
Q TEMD{NDT) = TEMO{MPL)4+LRR2( T (M=2)
1IN TF (XIM) LR, (1)) 6O TR A
STIRVAY = ARS(STGMA)EFLNAT(M=L) /(Y )=¥(]))
T€ ((1SELPSu/2)y:2 Ne, JSEWSW) a1 12
a2 T TN Y T B X
11 7PV e042) = 7XV( 4]
12 VE (LTSLPSH/22)mp v, (TS 2SW/TA)  JAND,
* (1S1PSW/1 2R )% JEFY, LIRLESRIAAYY (0 TN L&
NELXY = X{2)}=X{1)
NFLY? = NFE_YT4+DE X))
TF (& (GT, 2) NFRLYD2 = Y{R)}=X{1)
TE (OFLYY LJLF, O, N a2 e, DNEILYY) G TO 47
CALL CFEZ (NFILX] JNFR X2 4 STEMAY (] (N2403,%)
TE (LTISIPSu/z2 )2 (Y, TS1LPSw) 2 70 )8
DY 13 0 = 1eN
13 7PV ede?) = A7V, 0140237 (2.40)
; 1R (™ JEN, 2) 500 T 1k
! NG 16 0 = 1 4M
16 79(Vade?) = 7P(1.042)+0327(2,.0)
18 IE ((TSLPSM/22 )2 mE 0 (TSI PSH/VA))Y G TN 1A
I0(1.143) = 7¥XY1]

>

b

w3 e p it o

G TN 7

5 /p(]vl--“‘l = Cl*l‘-’(l.l-])+C?i=".9(?.l.l)
L TF (M 6T, 2) 7P(L.142) = 790(14143)403%7P(3,141)
é 17 1F {(TSLPSH/Z123}52 _NF, (IS 2SW/AL)) 6N TN 1A
o
x
3 Figure A - 3 (Continued)
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ZXYINS = 7XYLN o
GOH TN (9. oo
13 ZXYINS = CLHTFMP(M+])J4C2ATEMD(N$D ) o
IF (M GT. 2) 7XYINS = 7XYIMS4+CRARTFEMD (N4 )
19 IF ((ISLPSW/6)%2 (mE, (ISILPSW/2)) 60 TN 2} -
NN 20 J = 1,N .
NPMD } = NPMe )
0 TEMPINPMP ) = 72XM(}) T
21 TF ((ISLPSW/EA) %2 (€0, (TSL25W/22)  ANND,
% (TSLPSW/2R6)%2 FO, (TSLPSU/LIZ2R)Y) £A TN 26
NDELXY = X(M)=X{Mu))
NELXMY = DEL_XMADE, XM
IF (M (GT. 2) NELXMM = X{M)=X(¥=2)
IF (DFILXM JLF, 0, AR, DELX¥S LE, NELYM) &0 TR 67
CALL CFFZ (=DFELXM=NFL XXMM, STNAMAY G o7 LRuM)
TR LOTSILPSW/4) =2 (FDY, (ISLPSW/2)) 6N TN 24
NN 22 1 = Y&
NDPMO ) = NP+ )
»? TRMD(NPMP )) = CIx7 (M )07 (1] 40})
1F (% (B, 2) 40 Th l24
DY 23§ = 1N
NDMP | = NDM4 |
23 TEMD (NDMD J) = TEND {NDwD )47 2a7 (412 4.])
26 TF (([TSLPSW/R4)E2 MF, (TSLPSW/22)) oy TN 28
79{ns143) = 7YVYM]
G0 TN 24
28 7P2(Male3) = ClE7P{M el 1)+C257B(MM) L 1,1)
TR (M UGT. 2) 7P(H4143) = 70(M],2)403%7P(M=2,1,.1)
25 TR ((ISELPSM/20A)2 _NE, (TSELPSW/ZI2R)) 20 TN 27
7XYHMNS = 7XYMA
Gn o Tn o po
2T ZXYMMN = CLlTRFaD(UBRS) 42X TEMD(NPM~T)
TE (v JGTe 2) 7XYMMNS = JXYAUSHLAXTEUD (JiPM=D )
{

28 NFELT = Y(2)=Y{1)
IF (DR JLF. O.) 650 T a7
NEILT = 1./DFI)

Niy 26 1 = } .
2 TPLTa241) = NRLTR(I{T 4 2)=7(T,1))
TP(14243) = DRLER(22(1.2,2)=70(1,1,72))
7O (Me?2,3) = n:t]«(Tpua(muu+y)-7;up(mum+1))
CALY, TERMS [NTAGL,SNTAG] ST SvAYNELL)
DTAGT = 1 ,/0T4a061
NN 3N T = ) M
n 7."(!.".1) = |\IA(;I*(7P('O?O')"Zp(lq]ol))
2P0 el eB3) = DNIAGTSR{/PIV4e/742) =71 {1a)0?))
ZP{H 1 e3) = DIAGTR(T7P(M242)=70(MF,2))

paGE -
Figure A - 3 (Continued) %":‘Gyn;o%@m
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P L TRE (LR

TEMP()) = NIAGTISSNTARY
IR M (RO, 2) A0 TN 24
NN 33 ) = 2 ,NM)
JJup o= =1
JPl = U+l
NOMD J = NPMe )
NFL? = Y{JPT1)=¥Y{])
TR {NDFL? JLF, 01,) 60 Tn a7
HELT = [ J/NFL2
nn 31 1 = 1,
31 2PETodPlel ) = PRLTXHIZIT oL )}=7LT40))
Il ,P1,3) = NELT~ (2P 14dP142)=7P(1¢de2))
TP{M JP1,3) = NELIR(TFUD(MPMD )+ )=TEMP(NDMD 1))
CALL TFRMS (NTAG2,SNTAR2,STAMAY ,NEL D)
NIAGIN = 1 /Z(DTAGI+DNTARZ2=SHTAGTIHTEMD (M) ))
nn 32 I = lc""
3?7 ZPUT4dal) = NTAGTNRLZ7D( T, 1)=70(T.d,1)~
SNTASTI=7B(T UMY 1))
DTASTNR(TE(14.0P) ¢2)=7D() 40,3}~

3%

7P{1.4.3)

H

= SNTARTRZP{ ) ,.0'),413))
2P deR) = DTAGINR{7PIMIP) (R)=7P (%, ),2)~
S SNTAGE=RZD( M, M) 42))
TFEP( ) = NTAGTNSGRTARGDY
NTAL] = NTAR?
33 SOHTAGY = SNOTAG?

14 DEAGTN = ], /{DTAGT-SNTAGY%TS s {NnT ))
N 3K [ = 140
NDT = rig] .
48 TPUTeNGY) = DTAGTASR{TERP (O )a?0(F M ] )~
% QDYAG[*'/P(I.N‘-"!.?H
TPLTeNG3) = DNTAGINE{ZXYINS=70()N,3)~
% SHTALRYH70{ ) A1 o))
TEMOEN) = NEACTME( /XY NGaZ DM, 1,2 )=
. ST ALR7D( waMtt} o 3))

NN 37 0 = 2,N
JRAK = Al
JRAKPY = JHAL+]
T = FFEMD{ JRAK)
N 46 T = 1o

14 IP(T S JHAK 1) = 7P({ T4 JRACLT)=TH7P( T, JRAKPY 1)

ZO9(1e 088K 43) = IV (1 W IRAK A} =Tu7 (1, JRAKP] (3)

47 TEMI (JRAK) = 7P{ta, JRAK 3 )=TTE w0 JHACD])

N = X(2)=X(1)

IE (DNFIL]L JLE. O.) G T ot
DELT = 1 /e

DY 3R R P

Figure A - 3 (Continued)
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79({24d42) NELTR(Z21240)="1160))

3 {20 NELTR{ZP{?24de 1 )=2P{1eds1))
CALl, TERMS (NTAG],SNTARL.STHMAXJDFLY)
NEAGT = 1./DTAGY AN
Y 29 § = 1N o ey

ZV(1eda2) = NTAGTRIIP(24de2)=2P(140,42))

b 2001 4de3) = NTAGTRU79(240a3)1=7P(1,40e3))
TEME{NEY)Y = NTAGTXSNTARY
[F (M (Fd, 2) 6N T 43
DO 42 T = 724nn]

"o

Im)l = J=)
Pl = 1+1
MO = NMed

BWEL = X(TP1)Y~-X(1)
T (kL2 J=a OJ) GO Ty 4
NELT = 1 ,/DkL2
D 40 ) = 14w
29(1F1ade?) NELTX(7(IR]WII=/21T4d))
4 7P{IPT+ded) VTR 70{TI 2 adel ) =70 (Tadel))
CALL TFRMS {(OTAG2 SDTAG? (STLAAN JOFE2)
DTAGIN = 1.7(NTAGT+NTAG?=SOHTAGLETEMP(NPTI=-11)
13§) ‘bl J = ‘o’\l
20T 4de2) = DTASTOR(7P (T 1 ade?2)=7P(Teda2)=
' SNLARTR/B(TN] ede?2))
4 72{Tade3) = DNTAGTIME{7PLIB] 4 de3)=21{Tode3)=
SOTARIRZP (TR (de2))
TENI(ANPT)Y = NTAGTNRCNT AGD
NITAGY = NTAC?

LU | ]

ny SNTAGY = SOt Ay
a4 DIAGIN = 1. /7(0Fant=x<nifAanR)=s=TrRRoiDY<] ) )
MY &b ) = N
MpmP | = roMvg |

IPUmede?2) = NIART G TRIP(ND 1)) =F0 (v, ), 2 )=
s SOTAGT= D (vl ¢ de?))
Ly 72(meded) NTAST 2 (PRIP L) =7 0 (VMg 143) -
% SOTARTRZD{) g 0.3))
My a4 1T = 2 4m
[RAC = nipl-1
TRAKDY = THA<+]
NDTHAK = i+ TrAK
T = TEMO{NIT4AK)
NIV 6% ) o= ] en
7o (I HAK ¢ Je?)
4k 7O(TRAL 42}
<=THE
an [FRR = )

{D( [RA’(Q\‘QD)“T:“:70( ]qAKD:oJo?)
JPITRAC ¢ J W3 )=TR7R({TRAKDPY 4 J,.2)

H N

Figure * -3 (Continued)
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FUNCTINON SURENY Cxx.VY.ZX.7Y.M.No¥.Y‘7‘l7.79y$!GMAJ

THIS FUNGCTINN INTEAPNLATFS A SIRFACE AT A GIVEN CNANRNINATE
PATR ISING & RI=SPLINE IINNER TENSTIN, THE -SUHRNUTINF SHREY
SHMILD HE CALLFD FARLIEL TN n:thM[Ns CPRTAIM MEGCESSARY
PARAMFTRRS , i

NN TNOT=e

XX AND YY CONTAIN THF Xe= ANN Y=(NNDIMATES OF THFE PNINT
T HF MAPPEDN ONTH THFE INTRRPIMATIMG SHRFACE,

M AND & CONTATM THE MIMHAER OF GTD LIMES TN THE Y- AnD
Y-DIRFCTINNS . 2FESPEGTIVELY, NE THE RECTANCHLAR RN
WHTCH SPRCTFTFN THE SHIZFACE,

X AMIDY Y ARF ARQAYS CUNTAINING THE X= ARND Y=OGRTN VAILIIFS,
JESPECTIVELY, FAGCH [N TNCRFASTNG NRNER,

7 1S A MATRIX COMTAIMING THR- v 3 N RFNNCTINNAL VALIRS
COARIFESPNMNTIMG YO THE ARTH VALHIES (T, F, 2(144) TS THF
SHKEACF VALLIFE AT THE POINT (X{F)eY{)) FNR T = la,aqeM
ANMD | = lQoooQN)o

172 CONTAINS THE 20W DTAENSTNANM OF THE ARRAY 7 AS DECLAREN
PN THE CALLIMG PG lam,

7P IS AN ARRAY (F Rusuh LNCATTIONS STARFND W TH THF
VARTINIS SHRFACFE NFEITVATIVE INMENIVATION DETERMINFR HY
Sk},

AN

CTGMA CHNTAIMS THR TENSTOM FACTOR (TTS STAN TS TANNREN)

THE DARAMETFERS M, Ny Xo Yo 74 74 7P ANMD STRMA SHOWI_ND RE
TMIET HINALTRREN FIOM TH=E OLTRIIT SIREY,

v TP UTY ==
SHIFEN? CANTATNS THE ITMTEIPDAT~N SHRFAGE VALIE,
7% 1S PARTIAL, NFATVATIVR CITH - CSRECT TH Y,
7Y TS PARYIAL NFATVATIVE WITH JESRECT TN Y,

MOAIE NR THRE TNONIT OAQAMETERS ARE Al TFREND,

THIS FUMOTINM 2FEFRIENGES PACKAGRE" wnNIH FS TMTRVE ANND

OPIGINAL ..,
Figure A -3 (Continued) OF POOR qua ;|
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SNHASH,

S oM

o WS P 9P G D S s G R D B D G R A G D e D S A A e e A o e D B0 G A N e e B B
INTEGER M N, T7

e REBL XX oYY aZX o2V o XU P YIN) Q2L T700) o 7P (M M%) K T0MA
K j HERMT (FloF24FD1,ERPD) = (F2RNFILI+FIRNE) 2) /OB SR In

' i DEL2R{EPIR{NELT+NFIL S )+

a oV ({NELZeNEL8) )/

. ‘ % {ALXNELS)

»‘ : HERMD (F14F24F0),FOY) = (F2-F1)/NELS
N | % $U (2 RNFILYRNEL L =NEL 2% ( AFL]+NELS ) ) #EPY
E % (D RNEL2ANGC 2=NE] 1 (NEL24NELS) JREDY )

JUARNELS)
HEQMN? (F1 B2 FPL.EP?,,STRMAD) = (EPXNFI J+FE1RNEL2 ) /N2, 8
F(FEV2R{STAIMIANE]L 2=NFI_Y%{ 2, % {CNSHDT 4], )%
SINHD 24K TRMADRCNSUD I RNEL P )
+FEI IR QTANMIRNE] 1 =R 2%{ 2 % (ONSHPI+) , )%
STRNUDT S [RHALRCNSHP2.NFI 1} )
Y/ USTAMARPRSTGAADENE) S ( QTANRNCHSTAMAPRNEL S ) )
HERMND (F) F2.FD1,EDD KIGMAN) = (F2=E))/NFLS
+({NFLSESTRAAPRLNSML] =S TAING ) xED D
—(NFL SRS TIGAADRCNSHM D THMUMC ) XEDY )

S JISTGUMAORSTRUMADSNEL S ( STMUMSHE TGMADANE] S ) )
STGMAY = ARS{STAMA)xEI NAT(M=)) /(X (M)=X{]1})

SIAMAY = ARS{SIAMAYRFINAT(M=1)/(YI{M)=Y (1))

JMY = TNTIVL (YY,.Y.N)

J o= 11+
TMT = TNTRIL (XY X o)

T = Twlay

! NnFil YY=Y{JN1)

NEL? Y(J)=YY

NeEy_S Y(d)=Y{(.tm1)

TE (SINAMAY NS, O.) 6N TN Y

ZIMY = HEQMZ(71T=1a=1 ) o7 (T=1e ) a70(T=14d=141).

LS 70(T=141e1))
7T = HEQMZ (7 (Ted=1) o7 (T a0} o702 (Ted=141)e70(Tals1))
TXXTAY = HEQM7(70( 1w (=) 2}, 70(T=1,0e2),

3 7O (1=l g il o2) 701 T=1,.0e2))
TXXT] = HEQMZ{7270(T,0=1472),70( T 4147},

: = TP({Ted=1eR) 470 (1e1e3))

* IYTHY = HERQMNA (7 (Tel o d=1) 7 (1=l )70 (T=lod=1el1)}e7P({T=1e.1e)))
Y1 = HEIMN (7(‘0-'-‘.).7('Q\"'7u‘"\"].‘,Q’p(ti\l.‘))
7VXY"\| = N;R“n (79(7-1'.l-|.7).70('—lo.lo7).79(‘—‘.J-].?).

* PlI=1.002))

TYXXT = HERQADN (70( 7, 0=]142)470( Tede?)e?7P(T40=1,2),7P2(T,ds%))

GO T »

* 3% % o %

% %
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]

T
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TR N
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1

NELP] (NDFLI+NEIS)Y /2,

nFLPY (DFL24NFIS) /2,

CALL SNHESH { STNHMY (CNSHMY (S TRMAYRNEL Y 4 0) ’

CALYL, SMHCSH (STMHM2 (CNSHM2 ,STAEMAVANEL2,0)

CALL, SNHCSH ([ STRHMS DNNMMY (S TEMAYENRL S, =)

CALI, SNHCSH (STMHP] JAHMAY STOY " 20FRET /7, =1 )

CALL, SMHGSH (STMML? NIMIY (S TR AYSRNEL 2/, 4 =1)

CALL SNHCSH (DHAMY GASHP ] o STRMAVENEL P . 1)

Lol SNROSTH (NavY (NSHR Y (S THAAYENEL D2, 1)

7IME = HFEGANZ( 2 (Te)od=1) a7 ({l=Tad)a?P(T=1,0=Y,1),
% 7P(T=ladal ) ST0MAVY)
MEQWNZ (701 o =107 (Ted)e/2{T40=147)7P(Tadul),
b STEYAY )

2XXIMl = HERMUZ(72(Ta]d=]e?) 7P T=10ds?)s
® 700V =lad=142) 420 (T=1ede3) o STIIMAY)

7XXT1 = HFD{MN?(’D(‘._'-].7).70(‘.,l.?).
kS 70(1,,|—1.7~),70('.J.“),S‘CN‘AV)

7YIM] = "“:QMN”(7"“‘ --"‘l ’07.( [-'Q.|'07D(t-lt“'lo‘ )070(!‘10c’01 )'
] STIGMAY)

7Y] = HFRMN“(7(I.J—1 )97‘10.”070( 10""]0" ).79( Ic.'o, )OSIGMAV’
JYXXTIM = HEIMNOZD(T=10d=142)47P{T=1,0,2)47P(T=10sd=143).
5 TR(T=1,0y3) QT AVY

TYXXT = HEUMNO(TZD(T 4 d=142) 470 (T ede?)a70(Tad=1e2}e70(Tad03),

"

~
~—
u

o,

W STEMAY)

2 DKL) = ¥X=X(T1"1)
DRELD = X(F)=Y(
NELG = X({[)=¥{T])

TR (STGMAY Nk, O ) 0 T 2
SUREN? = HEIMZ (714171 47XXT 1 ,7XXT)

7X = HERAN (7TVv142T,7XXTIMY, ¥xT)
7Y = WRWM7 [ 7VTIV) 7 VT W72VYY] 2,7¥YYYT)
TRTN

3 DFLPY {NFLI+NEL SY /2,

NELD2 = (DFIL2+VEIS)/2.

CALL SMHEOSH (STNHRMY (0OGREMY (STRCAYRNEL Y D)
AL, SAHTSH ([ STMEA2 (i QHUD (STRAAYSRNEL 2,0 )
CALL SANUGSH [ SEVMHOIG Nty (S TRMAYSENE] § g=1 )
CALYL, SNHEOSH (STNHP) (DHMMY  STOMAYSENEL 1 /7, 4~1)
CALL SNHOSH (STMHOD Oy (STUvAXSDEL 2 /2, 4~11)
CAND, SNHCSH (NHMAY (TNSHD T ST XL AYITNELPY 4 1)
CALL SMHOSH (Drvay JCnSHP 2 (S TamaY2enNEl o2 ,17)
SHIEN, = HEIMMZ(7TM] (70 78X T ] q7XYT JSTRMAY)

2X = HEQMNN (7 IM) (7T 7YXTNMY G7XXT JSTAMAY)
TV o= HEQNNT {/YTMLIYT G 2YXXT A 7YX TG STRMAY)
RETIEN

BN

Figure A - 3 (Continued)
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GHARNUTINE SNMCGH (STNHM COSHM X o TSW)

THTS SUNKNUTINE RFTHRANS APPRNAXTAATIANS TN
SINHMMIX) = SIMME X)) =X !

, COSHMPR) = COSHIXI=]

ANDY ¢ .
COSHMMI{X) = CASH{X)=t=reX/7

WITH RELATIVE ERROL LESS THAW 3,42F-16

(N [NP{Te-
X COMTAINS THFE vaLur Nk THE TRNEPENDEMT VARTAWLF,

1Sw INDICATES THF FUNCTITOM NES{REN
-1 [F ONLY STaHa TS NeSTeEN,

0 TF HOTH STaHY aMD CNSHM MF DESTREN,
1 1F QMY COSHW 1S TNFESTREN,

2 1F OaLY COSHMM TS R STREN,

24 1E wA0TH STaHyd A CosHMM A E NESTIRFEND,

[T LI

e OTPUT =~

QimHw COnTalng THE VALLE NF STrRBEIR) TE TSW LR, O MW
oW 50y 3 {STaHa TS INALTEREN TE ISW (JFNg1 NR TSW (RN,
?)e

CUSHa CimTAING THE VALIE DiF CaShale) TE 1SW (F0, 0 1R
16w oFT, 1 atl) SonTaleS THE VaLIE NE GNSHMm( Y TF TS
ufF e ? CAISHM I8 ual ie2 k0 1F TSM JEO, -1).
oaih

CAND T8N AR DNALTERR,

TMT3GR L ISW
l’:d" SI.\“““.C”\'I., 'X
DATA SPafe om0l i ThI33 1 3RAF=0 1/,

% SEA/ R IR TARALILARINF=0n/
& GNP RL TP ATATIVRNPE= 16/,
0 GOV /6,363 VARNA IR LAQIFE=17 /.
* U1 /=Re3h- HHGANLTHLLOE=DR/

AT e Caﬁll.73&\356?“Qﬂ]q“;_”7,.
% CRRIPRTP2TTI223THIGLE= S/
3 CP2/7e15101819G0202 =03/

ﬁ?l/?.ﬁg]“l“??’Hh/HAF—w)/.
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* CO1/-T.515151064TFRATRSZY =0 w@ia’ 2o Jip: o &
DATA ZP3/5.897297116264120F-07/, e
* 1P2/1.T13636530300C4E=DAS, et T
= 2P171 A3RMEGALSLTIPR=02 17, ' o
T 7134/71 3361253849 72978%F =09/, - . e !ﬁﬁﬁf
” IN31=8 RORKRAILEYT IRRAIVwOT S ¢ - % P ’E
* ZN271.27T414954403RAE«DA7, oF
i % Z01/7=1.63832371433 1K1 v=1p)
XX = X '
AX = ANSEXX) ) ST
v XS = XXxXX ’
IF 1{AX oGF, 2,70) N, (8X e, 1,15 aMn,
*® ISWw JMF, 2})) FXPX = FX2(aX)

IF (ISM JFOL 1 N, ISH JFO, 2) 200 Ty 2
IF {AX JGF. Ta15) 50 T )}

] STAMM = (((((SP&xXS+SP2)RYS+Su2)RXS+SPY )ENSH] L JHXSEXX)
; = FUUSOLHXS+). bxh,) '

g0 Gh TN 2

& ; L STNHN = ~{{((1./FXPYX+AX)+AX )} —XPX) /7,

i i IF (XX oLTe 0o) SENHM = =§Tamn

& 7 7 1@ (1SY JnF g 0 cam), Tsw (NS, 1) G0 TN 4

IF [AX JGre 1a.10) 660 Tiv 7
COSHw = {{{({CYaaXS+CI3)RXS+TP2)2NSH+CPYL IRYS+], I =XS)
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